INTRODUCTION
============

Age-related macular degeneration (AMD) is the leading cause of visual impairment and blindness in older people in industrial countries \[[@R1],[@R2]\]. While treatment for dry AMD remains to be established, treatment for exudative AMD using anti-vascular endothelial growth factors (anti-VEGF) is being increasingly used to limit progression of the condition \[[@R3],[@R4]\]. In order to plan adequate healthcare provision, estimates of incidence of especially exudative AMD are required \[[@R4],[@R5]\]. Large population-based cohort studies by using grading of fundus photographs showed that the incidence of AMD increased with age \[[@R6]-[@R9]\]. Some recent studies used literature search to obtain prevalence estimates of AMD \[[@R10]-[@R12]\], and the prevalence estimates were used to estimate annual incidence of AMD \[[@R11]\]. There is only one earlier study showing an average number of exudative AMD in a defined population \[[@R4]\].

Posterior segment optical coherence tomography (OCT) is a non-invasive imaging modality that can quantitatively and qualitatively detect and record retinal pathological signs not seen with other imaging modalities \[[@R13]-[@R15]\]. It is suggested for patients with decreased visual acuity, metamorphopsia or a central scotoma, and is considered mandatory in the diagnostics of AMD \[[@R16]\]. In Finland, the centralised eye service in every central hospital district with their contained population, and the rule that the patients have to go for treatment in their local central hospital, provide an opportunity to gauge the incidence and service load of different eye diseases. This study describes the population- based annual incidence rates of exudative, dry and all cases of symptomatic AMD in different age and sex groups confirmed by OCT examination in Central Finland.

MATERIALS AND METHODOLOGY
=========================

The study design was approved by the Ethics Committee of the Central Hospital of Central Finland. The study was conducted in accordance with the ethical standards laid down in the 1964 Declaration of Helsinki, as renewed in 2008.

This is a prospective study of all consecutive new patients examined during a one year period between December 18^th^ 2008 and December 17^th^ 2009 due to symptomatic AMD in the Central Hospital of Central Finland. The Central Hospital of Central Finland was the only clinic offering OCT examination and treatment for exudative and other advanced AMD in 2009 in the area. The private clinics in this area referred the AMD patients for OCT examination and treatment to the Central Hospital in 2009. The coverage of specialists for the population (one ophthalmologist for every about 8000 persons) is good in the hospital district of Central Finland. It is reasonable to assume that the majority of the people with symptoms from AMD in the hospital district of Central Finland were able to contact a doctor and were referred to the Central Hospital of Central Finland for diagnosis and treatment.

The diagnosis of AMD was confirmed with stereoscopic slit-lamp biomicroscopy using a contact lens, OCT, and if needed, by fluorescein angiography. Cases were classified as exudative and dry AMD by using the criteria defined by the International Age-related Maculopathy Epidemiological Study Group \[[@R17]\]. Patients with early age-related maculopathy \[[@R17]\] and all non-AMD maculopathies were excluded from the material. Similarly all patients with AMD diagnosed and treated before the study period were excluded from the material. Only patients with residence in the hospital district of Central Finland were included in this study.

The Central Hospital of Central Finland had the only OCT device in the hospital district, and all patients with symptomatic AMD in the area of Central Finland were referred to the Central Hospital. The hospital record analysis and the database of the OCT device provided a complete collection of all new AMD cases in the hospital district area. OCT and fluorescein angiographic images were taken with Spectralis HRA + OCT device (Heidelberg engineering GmbH, Tiergartenstrasse 15, D-69121 Heidelberg, Germany). The data was analysed using the Heidelberg Eye Explorer 1.6.2.0 program.

The hospital district of Central Finland comprises 23 municipalities in Central Finland. The combined population of the hospital district was 272 784 people as of December 2009 \[[@R18]\]. The age and sex distribution of the population in the hospital district during the year 2009 (Table **[1](#T1){ref-type="table"}**) shows that the population aged 50 years or older comprised 107812 people or 40% of the whole population including 14% in the age group 50-59 years, 8% in the age group 60-64 years, 5% in the age group 65-69 years, and 13% in the age group 70 years or older.

Data was collected and analysed with Excel 2007 (Microsoft Corporation, One Microsoft Way, Redmond, WA 98052-6399). The population based annual incidence rates were calculated by using corrected population statistics of the hospital district of the Central Hospital of Central Finland for the year 2009 (Table **[1](#T1){ref-type="table"}**). The 95% confidence intervals (95% CI) for the population-based annual incidence rates of AMD were calculated using normal approximation of Poisson distribution. The differences in population-based age group specific annual incidence rates of AMD between genders were separately tested by Pearson's chi-square test.

The Population Registration Centre of the Central Statistical Office of Finland published official statistics of Finland with population projection for years 2009 ‒ 2060 including the population statistics for different age groups of the area of Central Finland \[[@R19]\]. By using the population projection statistics of different age groups in Central Finland in 2020 and 2030 \[[@R19]\] and the population-based age group specific annual incidence rates of exudative, dry and of all symptomatic AMD observed in the present study (Tables **[2](#T2){ref-type="table"}-[4](#T4){ref-type="table"}**) I estimated the comparative annual incidence rates of AMD in Central Finland in 2020 and 2030.

RESULTS
=======

In total, 231 patients with symptomatic AMD, 91 males (39%) and 140 females (61%) with a mean age of 76.8 ± 9.1 years (median 80, range 50 -- 95); in males 76.0 ± 9.4 years, in females 78.6 ± 7.8 years were enrolled in the study. The population-based annual incidence of all symptomatic AMD patients was 0.03% (95% CI, 0.01-0.05%) in the age group 50-59 years, it rose with the age to 0.82% (95% CI, 0.55-1.09%) in the age group 85-89 years, and thence declined to 0.63% (95% CI, 0.24-1.02%) in the age group 90 years and older (Table **[2](#T2){ref-type="table"}**). It was 0.21% (95% CI, 0.18-0.24%) in all AMD patients 50 years or older and 0.32% (95% CI, 0.28-0.36%) in all AMD patients 60 years or older.

In the total material there were 146 patients, 57 males and 89 females with exudative AMD (63.2% of all cases). The population-based annual incidence of exudative AMD was 0.02% (95% CI, 0-0.03%) in the age group 50-59 years and increased with the age to 0.65% (95% CI, 0.47-0.83%) in the age group 80-84 years, with a decline beyond 85 years of age (Table **[3](#T3){ref-type="table"}**). It was 0.14% (95% CI, 0.11-0.16%) in the age group 50 years or older, and 0.20% (95% CI, 0.17-0.24%) in the age group 60 years and older

In the total material there were 85 patients, 34 males and 51 females with dry AMD (36.9% of all cases). The annual incidence of dry AMD was 0.02% (95% CI, 0-0.03%) in the age group 50-59 years, and increased with age to 0.36% (95% CI, 0.18-0.54%) in the age group 85-89 years, with a decline beyond 90 years of age (Table **[4](#T4){ref-type="table"}**). It was 0.08% (95% CI, 0.06-0.1%) in the age group 50 years and older, and 0.11% (95% CI 0.09-0.14%) in the age group 60 years and older.

In the hospital district of Central Finland the ratio of males-females was 1:1.2 in the age group 50 years and older and 1:1.3 in the age group 60 years and older (Table **[1](#T1){ref-type="table"}**). In all patients with symptomatic AMD (Table **[2](#T2){ref-type="table"}**) the ratio of males-females was 1:1.5 in the age group 50 years and older and 1:1.7 in the age group 60 years and older (Table **[2](#T2){ref-type="table"}**). In males both in patients with exudative and dry AMD, and in females with dry AMD, the population-based annual incidence rates increased from the age group 50-59 years to the age group 85-89 years, with a decline after the age of 90 years (Tables **[3](#T3){ref-type="table"}** and **[4](#T4){ref-type="table"}**). In females with exudative AMD the decline was seen beyond the age of 85 years (Table **[3](#T3){ref-type="table"}**). In patients with exudative AMD there was rather even amount of males and females in the age groups 50-59 years to 70-74 years but beyond the age 75 years women had a distinct majority (Table **[3](#T3){ref-type="table"}**). In patients with dry AMD males showed a slight majority in the age groups 50-59 to 65-69 years but beyond the age 75 years females showed majority (Table **[4](#T4){ref-type="table"}**). However, the population- based annual incidence rates of symptomatic AMD in different age groups did not show statistically significant differences between males and females (p\>0.1).

The population-based annual incidence rates were estimated to be 0.22% (95% CI, 0.19 -0.25%) in exudative, 0.12% (95% CI, 0.09-0.14%) in dry, and 0.35% (95% CI, 0.31-0.39%) in all symptomatic cases of AMD in 2020, and 0.27% (95% CI, 0.24-0.30%) in exudative, 0.13% (95% CI, 0.11-0.16%) in dry, and 0.41% (95% CI, 0.37-0.45%) in all symptomatic cases of AMD in 2030 in Central Finland.

DISCUSSION
==========

This is the first study to show actual numbers and age group specific annual incidence rates of exudative, dry and of all cases of symptomatic AMD in different age and sex groups in a whole population of a defined area. Good coverage of referring ophthalmologists, easy availability for the treatment, and confirmation of the diagnosis of every patient by using OCT may indicate that the population-based age group specific annual incidence rates of this study are useful for guiding health service provision for those with AMD. The population-based age group specific annual incidence rates of this study were slightly higher than those calculated by examining stereoscopic fundus photographs in the 6.5 years follow-up cohort study in Rotterdam (6).

The population of different age groups may be of different size in different geographic areas and during different times. Due to a big baby boom during the years 1945 to 1949 in Finland this big age group comprised in 2009 the age group 60-64 years. Thus in this study in 2009 the population of the age group 60-69 years consisted 49% of the population of the age group 60 years and older. During coming years the effect of the big age group on the population-based annual incidence of AMD in the age group 60 years and older can be estimated by using the population projection data of the Official Statistics of Finland \[[@R19]\] and the population-based age group specific annual incidence rates of AMD of the present study (Tables **[2](#T2){ref-type="table"}-[4](#T4){ref-type="table"}**). The population-based annual incidence of all symptomatic AMD cases was 0.32% (95% CI, 0.28-0.36%) in the population aged 60 years and older in this study, and it can be estimated to be in Central Finland 0.35% (95% CI, 0.31-0.39%) in 2020 and 0.41% (95% CI, 0.37-0.45%) in 2030.

Geirsdottir *et al*. (4) observed in Iceland (320000 inhabitants) on average 147 patients of exudative AMD per year giving an annual incidence of 0.29% in the population of about 50000 persons aged 60 years and older. In this study in Central Finland (272784 persons) there were 140 new patients of exudative AMD during one year among the 68680 persons aged 60 years and older (0.2%). The big age group of 60-64 years with a small age group specific incidence of exudative AMD (Table **[3](#T3){ref-type="table"}**) may explain why the population-based annual incidence of exudative AMD in the age group 60 years and older was somewhat lower in this study than observed in Iceland. The population-based annual incidence of exudative AMD in the age group 60 years and older can be estimated to be 0.22% (95% CI, 0.19-0.25%) in 2020 and 0.27% (95% CI, 0.24-0.30%) in 2030 in Central Finland. Aging of the population in Finland during the next 10-20 years may produce increasing demands for health care services not only for patients with AMD but also for treatment of cataract and glaucoma.

Klein *et al*. observed in the Beaver Dam Eye Study, that the fifteen-year cumulative incidence of early age-related maculopathy with the presence of either soft indistinct drusen or the presence of pigmentary abnormalities together with any type of drusen was about five times higher than that of late AMD \[[@R9]\]. Patients with early age-related maculopathy \[[@R17]\] were excluded from the present material. In this study exudative AMD comprised 63% and dry AMD 37% of all symptomatic AMD cases. This is in good agreement with the prevalence studies indicating that exudative AMD accounts 50--83% of late AMD cases depending on population \[[@R11], [@R20]-[@R22]\]. The population-based annual incidence of late dry AMD in this study was 0.11% (95% CI, 0.09-0.14%) in the age group 60 years and older, and it can be estimated to increase to 0.12% (95% CI, 0.09-0.14%) in 2020 and to 0.13% (95% CI, 0.11-0.16%) in 2030 in Central Finland.

Women live longer than men and were represented in greater number both in the normal population (Table **[1](#T1){ref-type="table"}**) and in exudative, dry, and in all cases of AMD in the age group 75 years and older (Tables **[2](#T2){ref-type="table"}-[4](#T4){ref-type="table"}**). However, in this study the population-based annual incidence rates of exudative, dry, and of all cases of symptomatic AMD were slightly but not statistically significantly higher in females than in males (p\>0.1). This is in good agreement with earlier studies \[[@R7],[@R9],[@R22]\].

The demands of the diagnostics and treatment of AMD give an increasing service load to the eye department. In Central Finland AMD was the most frequent eye disease examined by OCT comprising 40% of retinal and 29% of all cases \[[@R15]\]. In this study every patient with suspected AMD was studied by a new Spectralis HRA + OCT with 30 images averaged. OCT examination was successful and had a great effect on the diagnostic quality confirming, changing or eliminating the suspected clinical diagnosis of AMD in 95% of cases \[[@R15]\]. Private clinics have recently begun to give anti-VEGF treatment based on OCT examinations, and this may make it more difficult in the future to collect actual incidence data for AMD from a complete population of Central Finland.

In the anti-VEGF treatment of exudative AMD frequent intravitreal injections and follow-up visits are needed. An OCT-guided study with initial three monthly injections followed by variable dosing regimen showed that visual acuity and OCT findings improved with a mean of 5.6±2.3 (range 3--13) injections over a period of 12 months \[[@R5]\]. Accordingly, in this study the 146 new patients with exudative AMD should need a mean 818 (range 438-1898) injections per year. Approximately 1200 injections were given in Iceland for the on average 147 exudative AMD patients per year which suits well with the range of the suggested regimen \[[@R4]\].

AMD is a multifactorial disease. Both genetic susceptibility and behavioral and lifestyle factors modify the risk of developing AMD \[[@R23]\]. As seen also in this study, AMD has a strong association with age \[[@R4],[@R6]-[@R12],[@R21]-[@R23]\]. Other risk factors associated with AMD include cigarette smoking, previous cataract surgery, higher body mass index, history of cardiovascular disease, hypertension, diabetes, and higher plasma fibrinogen \[[@R21]-[@R23]\]. These common risk factors may occur in different populations. In this study all patients with AMD were Caucasians similarly as most people in Central Finland. No significant differences in late AMD prevalence were seen between whites, Asians, Blacks or Hispanics \[[@R22],[@R24],[@R25]\]. Thus the population- based age-group specific annual incidence rates of symptomatic AMD of this study might be used not only for Caucasian but also for other ethnic populations.

CONCLUSION
==========

This is the first study to determine the population-based age-group specific annual incidence rates of exudative, dry and of all cases of symptomatic AMD in a whole population of a defined area. The population-based annual incidence rates of all cases of late AMD increased with age from 0.03% (95% CI, 0.01-0.05%) in the age group 50-59 years to 0.82% (95% CI, 0.55-1.09%) in the age group 85-89 years, and declined beyond the age of 90 years. In Central Finland in 2009, the population-based annual incidence rates of late AMD in the age group 60 years and older were 0.20% (95% CI, 0.17-0.24%) for exudative AMD, 0.11% (95% CI, 0.09-0.14%) for dry AMD, and 0.32% (95% CI, 0.28-0.36%) for all cases of symptomatic AMD. The population-based age-group specific annual incidence rates of symptomatic AMD of this study may help to plan health care provision for patients of AMD.
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###### 

Age and sex distribution of population in hospital district of Central Finland in 2009.

  Gender   Age Groups (Years)                                                                      
  -------- -------------------- ------- -------- -------- -------- ------- ------- ------- ------- ---------
  Male     84 425               19828   10 135   6 450    5 496    4 096   2 630   1 160   355     134 575
  Female   80 547               19304   10 187   6 866    6 565    5 624   4 908   2 974   1 234   138 209
  Total    164 972              39132   20 322   13 316   12 061   9 720   7 538   4 134   1 589   272 784

###### 

Number of all cases (N) and population-based annual incidence rates (%) with confidence intervals (95% CI) of symptomatic age-related macular degeneration in different age and sex groups.

  Age Group (Years   Males   Females            Total                             
  ------------------ ------- ------------------ ------- ------------------- ----- ------------------
  50-59              9       0,05 (0.02-0.08)   4       0.02 (0.001-0.04)   13    0.03 (0.01-0.05)
  60-64              7       0.07 (0.02-0.12)   7       0.07 (0.02-0.12)    14    0.07 (0.03-0.11)
  65-69              9       0.14 (0.05-0.23)   10      0.15 (0.06-0.24)    19    0.14 (0.08-0.21)
  70-74              15      0.27 (0.13-0.41)   17      0.26 (0.14-0.38)    32    0.27 (0.18-0.36)
  75-79              18      0.44 (0.24-0.64)   30      0.53 (0.34-0.72)    48    0.49 (0.35-0.63)
  80-84              18      0.68 (0.37-0.99)   43      0.88 (0.62-1.14)    61    0.81 (0.61-1.01)
  85-89              13      1.12 (0.51-1.73)   21      0.71 (0.41-1.01)    34    0.82 (0.55-1.09)
  90-                2       0.56 (0-1.34)      8       0.65 (0.20-1.1)     10    0.63 (0.24-1.02)
  ≥50                91      0.18 (0.14-0.22)   140     0.24 (0.20-0.28)    231   0.21 (0.18-0.24)
  ≥60                82      0.27 (0.21-0.33)   136     0.35 (0.29-0.41)    218   0.32 (0.28-0.36)

###### 

Number of cases (N) and population-based annual incidence rates (%) with confidence intervals (95% CI) of exudative age-related macular degeneration in different age and sex groups.

  Age Group (Years)   Males   Females            Total                            
  ------------------- ------- ------------------ ------- ------------------ ----- ------------------
  50-59               3       0,02 (0-0.03)      3       0.02 (0-0.03)      6     0.02 (0-0.03)
  60-64               1       0.01 (0-0.03)      3       0.03 (0-0.06)      4     0.02 (0-0.04)
  65-69               4       0.06 (0-0.12)      6       0.09 (0.02-0.16)   10    0.08 (0.03-0.12)
  70-74               10      0.18 (0.07-0.29)   11      0.17 (0.07-0.27)   21    0.17 (0.10-0.25)
  75-79               12      0.29 (0.12-0.46)   19      0.34 (0.19-0.49)   31    0.32 (0.21-0.43)
  80-84               17      0.65 (0.34-0.96)   32      0.65 (0.43-0.88)   49    0.65 (0.47-0.83)
  85-89               8       0.69 (0.21-1.17)   11      0.37 (0.15-0.59)   19    0.46 (0.25-0.67)
  90-                 2       0.56 (0-1.34)      4       0.32 (0.01-0.64)   6     0.38 (0.08-0.68)
  ≥50                 57      0.11 (0.08-0.14)   89      0.15 (0.12-0.19)   146   0.14 (0.11-0.16)
  ≥60                 54      0.18 (0.13-0.23)   86      0.22 (0.18-0.27)   140   0.20 (0.17-0.24)

###### 

Number of cases (N) and population-based annual incidence rates (%) with confidence intervals (95% CI) of dry agerelated macular degeneration in different age and sex groups.

  Age Group (Years)   Males   Females            Total                           
  ------------------- ------- ------------------ ------- ------------------ ---- ------------------
  50-59               6       0,03 (0.01-0.05)   1       0.005 (0-0.02)     7    0.02 (0-0.03)
  60-64               6       0.06 (0.01-0.11)   4       0.04 (0-0.08)      10   0.05 (0.02-0.08)
  65-69               5       0.08 (0.01-0.15)   4       0.06 (0-0.12)      9    0.07 (0.02-0.11)
  70-74               5       0.09 (0.01-0.17)   6       0.09 (0.02-0.16)   11   0.09 (0.04-0.15)
  75-79               6       0.15 (0.03-0.26)   11      0.20 (0.08-0.31)   17   0.17 (0.09-0.26)
  80-84               1       0.04 (0-0.11)      11      0.22 (0.09-0.35)   12   0.16 (0.07-0.25)
  85-89               5       0.43 (0.05-0.81)   10      0.34 (0.13-0.56)   15   0.36 (0.18-0.54)
  90-                 0       0 (0-0)            4       0.32 (0.01-0.64)   4    0.25 (0.01-0.5)
  ≥50                 34      0.07 (0.04-0.09)   51      0.09 (0.06-0.11)   85   0.08 (0.06-0.1)
  ≥60                 28      0.09 (0.06-0.13)   50      0.13 (0.09-0.17)   78   0.11 (0.09-0.14)
